The inhibitory activity of 37 medicinal plant extracts against aldose reductase (AR) activity was evaluated. The most potent AR inhibitory activity was found in the MeOH extract of the leaves of Tussilago farfara (Compositae). Enzyme assay-guided fractionation of the extract led to the isolation of a new flavonoid glycoside, kaempferol 3-O-[3,4-O-(isopropylidene)--L-arabinopyranoside] (1), along with 15 known compounds (2-16), of which 3, 5, 13, 15, and 16 were isolated from T. farfara for the first time. The structures of 1-16 were elucidated based on MS and NMR data. Dicaffeoylquinic acid derivatives (7-12) showed potent AR inhibitory activity with IC 50 values ranging from 0.58 to 5.38 M, whereas flavonoid glycosides 1, 3, 5, and 6 showed weak inhibitory activity with IC 50 values of 13.9, 15.1, 13.3, and 14.1 M, respectively.
Aldose reductase (AR) is a key enzyme in the polyol pathway, which is strongly associated with diabetes complications [1] . In diabetes, hyperglycemia increases polyol pathway activity and consequently AR catalyzes the reduction of glucose to sorbitol [2] . Intracellular sorbitol accumulation has been implicated as a factor in the pathogenesis of diabetes complications, including diabetic retinopathy, neuropathy, and nephropathy [3] . Accordingly, AR inhibitors can prevent or delay progression of diabetes complications, and several synthetic AR inhibitors, such as sorbinil, tolrestat, and epalrestat, have been developed [4] . In addition, some naturally occurring flavonoids, terpenoids, alkaloids, and coumarins show inhibitory activity against AR [5] . Therefore, we evaluated 37 medicinal plants for their inhibitory activity against AR and found that the MeOH extract of Tussilago farfara leaves potently inhibited AR activity. We report the AR inhibitory activity of the medicinal plants and identify the active ingredients in T. farfara leaves responsible for AR inhibition.
Thirty-seven medicinal plants were screened for AR inhibitory activity ( Table 1 ). The MeOH extracts of the aerial parts of Achillea millefolium and Agrimonia eupatoria, the bark of Betula alba, and the leaves of T. farfara showed potent AR inhibitory activity with IC 50 values of 6.66, 8.13, 13.1, and 3.34 μg/mL, respectively. The MeOH extract of the leaves of T. farfara showed the most potent activity, and the extract was fractionated to identify the active principles.
The dried leaves of T. farfara were extracted with MeOH. The extract (AR inhibition IC 50 3.34 μg/mL) was passed through a Diaion HP-20 column and successively eluted with MeOH-H 2 O (1:4), EtOH, and EtOAc. The EtOH eluate fraction (25 g, AR inhibition IC 50 1.05 μg/mL) was subjected to silica gel column chromatography (CC) and octadecylsilanized (ODS) silica gel CC, as well as preparative TLC and HPLC, yielding compounds 1-16. By comparing the physical and spectroscopic data with literature values, 2-16 were identified as kaempferol (2) [6] , [12] , p-hydroxycinnamic acid (13) [14] , caffeic acid (14) [15] , hex-3-en-1-ol 1-O--D-glucopyranoside (15) [16] , and benzyl--Dglucopyranoside (16) [17] , respectively, as shown Figure 1 . This is the first isolation of 3, 5, 13, 15 and 16 from T. farfara. , calcd 459.1291) and 13 C NMR (23 carbon signals) data. The UV spectrum of 1 had absorption maxima at 349 and 266 nm, whereas the IR spectrum showed prominent absorbance bands at 3395 cm -1 (hydroxy groups) and 1648 cm -1 (conjugated carbonyl group). The 1 H NMR spectrum of 1 ( Table 2) in the presence of p-toluenesulfonic acid (p-TsOH) and N,Ndimethylformamide (DMF) afforded 1. Thus, the structure of 1 was assigned as kaempferol
. Conversion of 3 to 1 was not observed during the purification of 3 by CC with a mixture of n-hexane and acetone. Furthermore, refluxing 3 in acetone for 2 hours did not yield 1. Thus, 1 was a naturally occurring flavonoid glycoside.
Isolated compounds 1-16 were evaluated for their AR inhibitory activity (Table 3) . Dicaffeoylquinic acid derivatives (7) (8) (9) (10) (11) (12) showed potent AR inhibitory activity with IC 50 values ranging from 0.58 to 5.38 M. The AR inhibitory activity of 7, 9, and 11 was stronger than that of the corresponding methyl ester derivatives (8, 10, and 12). Flavonoid glycosides (1, 3, and 5) and a flavonoid (6) showed weak inhibitory activity with IC 50 values of 13.9, 15.1, 13.3, and 14.1 M, respectively. The other compounds did not show inhibitory activity at 30 M. Aldose reductase inhibitory activity of of Tussilago farfara Natural Product Communications Vol. 11 (11) 
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To our knowledge, this is the first report of AR inhibitory activity in T. farfara extract and the identification of the constituents responsible for the activity.
Experimental
General: Optical rotations were measured using a JASCO P-1030 (Tokyo, Japan) automatic digital polarimeter. IR and UV spectra were recorded on JASCO FT-IR 620 and JASCO V-630 spectrophotometers, respectively. NMR spectra were recorded on a Bruker DRX-500 spectrometer (500 MHz for 1 H NMR, Karlsruhe, Germany) using standard Bruker pulse programs. Chemical shifts are given as -values with reference to tetramethylsilane (TMS) as an internal standard. HR-ESITOFMS data were obtained on a Waters-Micromass LCT mass spectrometer (Manchester, U.K.). Diaion HP-20 (Mitsubishi-Chemical, Tokyo, Japan), silica gel (Fuji-Silysia Chemical, Aichi, Japan), and ODS silica gel (Nacalai Tesque, Kyoto, Japan) were used for CC. TLC was carried out on precoated Silica gel 60 F 254 (0.25 mm or 0.5 mm thick, Merck, Darmstadt, Germany) and RP-18 F 254S (0.25 mm thick, Merck) plates, and compounds were visualized by spraying with 10% H 2 SO 4 (aq.) followed by heating. HPLC was performed by using a system comprised of a CCPM pump (Tosoh, Tokyo, Japan), a CCP PX-8010 controller (Tosoh), a RI-8010 detector (Tosoh), and a Rheodyne injection port. A TSKgel ODS-100Z column (10 mm i.d. x 250 mm, 5 m, Tosoh) was used for preparative HPLC. All other chemicals used were of biochemical reagent grade.
Plant material:
The 37 plant materials used in the experiments were obtained from either Connect Co. Ltd. (Tokyo, Japan) or Richters (Ontario, Canada). Voucher specimens are deposited in the herbarium of Tokyo University of Pharmacy and Life Sciences.
Preparation of plant material extracts:
Each plant material (5 g) was extracted with MeOH (100 mL) at 60°C for 1 hour. The extract was filtered, and the filtrate concentrated under reduced pressure. The residue was dried, dissolved in dimethyl sulfoxide (DMSO), and used as a test sample. AR inhibitory assay: AR inhibitory activity of the plant extracts and isolated compounds was measured as follows. The reaction mixture contained 3 mM -NADPH (10 L, Oriental Yeast, Osaka, Japan), 100 mM DL-glyceraldehyde (10 L, Wako Pure Chemicals, Osaka, Japan), human recombinant AR (20 L, 0.02 units/mL, ATGen, Gyeonggi, South Korea), 100 mM sodium phosphate buffer (50 L, pH 6.2), and test sample (10 L) in DMSO. The reaction was started by the addition of DL-glyceraldehyde, and then the decrease of absorbance was measured at 340 nm for 15 min with a microplate reader (Safire, Tecan Systems, Inc., San Jose, CA). Epalrestat was used as a positive control with an IC 50 value of 0.39 M in this assay system. 
Preparation of 1 from 3:
A mixture of 3 (1.01 mg), 2,2-dimethoxypropane (0.1 mL), DMF (1.0 mL), and p-TsOH (3.1 mg) was stirred under Ar at room temperature for 5 hours. Saturated aqueous NaHCO 3 (2 mL) was added, and the reaction mixture was passed through a Diaion HP-20 column and successively eluted with H 2 O and MeOH. The MeOH eluate portion was loaded onto ODS silica gel and eluted with MeCN-H 2 O (2:5) to afford 1 (0.56 mg).
